Background Slips, trips and falls (STF) are a major cause of workplace injury.
Introduction
Slips, trips and falls (STF) are a leading cause of workplace injuries [1] . In the USA, the annual cost of these to industry is estimated at $5.7 billion [2] . Several studies have examined causes of STF in workplaces including manufacturing [3] [4] [5] [6] and industry in general [7] [8] [9] [10] . These studies have shown that falls result from both personal and environmental factors. Personal risk factors include sex [6, [9] [10] [11] [12] [13] , age [7, [9] [10] [11] [12] 14, 15] , fatigue [16] [17] [18] [19] [20] , obesity [8, 16, 17, 21, 22] , smoking [17] , alcohol consumption [17] , physical inactivity [15, 17, 23] , low fitness levels [15, 23] , low education level [8] , somatic complaints [8] and job strain [24] . Studies of older persons associate increased risk with vision impairment, hearing problems, functional limitations, past falls, low physical activity, physical performance, and unsteady walk and imbalance [14] . Environmental factors such as footwear [7, 25, 26] and surface conditions [3, 7, 27, 28] also increase the risk of workplace STFs. Understanding the causes of STFs enables intervention to reduce their incidence. Most occupational injuries are reviewed on a case only basis as part of a root cause investigation. Root cause investigations are conducted to understand better what factors have contributed to an injury and what measures must be taken to prevent these in the future. Extensive efforts are undertaken within companies to eliminate STF, but few epidemiological studies have identified personal-or work-related factors associated with risk from these injuries. While root cause investigations are aimed at individual events, an epidemiological approach analyzes the entire population. Expanding analyses to a higher, more aggregate level by comparing a group with personal injury from STF with an appropriate comparison group can yield important insights into further eliminating these types of injuries not found in a root cause investigation. Few studies have employed comparison groups to formally identify risk factors. In this study, we examine STF in a large US chemical company using a case-control design to better determine the personal and environmental causes.
Methods
We included all US facilities of a large multinational chemical company, whose products are used in building and construction, health and medicine, transportation, paints and coating, electronics, pharmaceuticals and food. Much of the chemical production is automated. Several manufacturing facilities also have research and development laboratories. Ethical approval for the study was obtained from the Human Subjects Review Board in Midland, Michigan. The purpose of the study was explained to participants and confidentiality assured. All respondents provided informed consent. We collected data in August 2011. We included workers employed on To allow for delay in recording STF cases, data were collected from participants employed in August 2011. The study was restricted to US employees to avoid problems with registration, language and confidentiality in other countries. We identified controls from company personnel files. We randomly selected four controls working between 1 April 2009 and 1 May 2011 for each case, representing a range of locations and birth years. We chose not to match on these factors so that they could be analysed as potential determinants. We contacted all candidate case and control subjects by company e-mail and invited them to participate. We administered a questionnaire to respondents. We asked about general work factors, working with machines that might cause injury, attitudes to occupational safety, job stress, fatigue and personal factors such as balance, physical activity and health conditions. We also collected data from company medical examinations, including findings from physical examinations, height and weight, current and past illnesses and risk factors for disease. The questionnaire is available in the electronic version of the paper.
We calculated unadjusted odds ratios (OR) to identify potential risk factors. Since many personal and work cofactors may be related to sex, we used logistic regression to adjust for sex for each factor with a P < 0.10. We used this P value to assure that potential important predictive factors were not excluded during the modelling process. We then grouped the variables as work related and health related. We calculated OR and 95% confidence intervals (95% CI). We ran separate logistic regression models using backwards stepwise regression to identify the most parsimonious model with sex, years of service and body mass index (BMI) included in each.
We ran a full model with all significant cofactors included from each model. All analyses were done with SAS [29] . (17) occurred in production or distribution areas, 9% (7) in research facilities and 1% in a maintenance area. All injuries from STF were seen by a medical professional. Injuries were minor in 63 of the 74 employees (85%) and were coded as requiring only first aid or a precautionary visit to the company medical facility. Only 11 participants required work restrictions due to their STF. Table 1 compares the sex, age, length of service and BMI distributions of cases and controls. Women and participants born in the 1940s were at greatest risk of being a case. There was an inverse association between more years of service and case status. Tables 2 and 3 compare work-and health-related characteristics of cases and controls without and with adjustment for sex. After adjustment for sex, only the technician job type was significantly associated with having reported a STF. With regard to stress-related factors, the OR for cases always being in a hurry and finding work emotionally demanding were significantly less than one. The risk of STF was >2-fold for shift work, and being on one's feet >20 min, carrying materials around and working with machines were also significant risk factors for being a case. Working over 8 h per day, however, was inversely associated with being a case. Items related to safety, such as being able to report unsafe situations, how well the supervisor deals with safety issues and having enough time to work safely were not associated with case status. In Table 3 , not engaging in regular exercise was significantly associated with STF case status but alcohol intake was not.
Never smokers were significantly less likely to be a case. Factors related to vision, such as wearing glasses, being able to see objects at a distance, having difficulty reading small print, were not significantly related to case status. Allergy, arthritis and depression (OR = 3.09, 95% CI: 1.26-7.57) were all statistically significantly associated with case status. Table 4 shows four models produced by multiple logistic regression analysis. Factors that were statistically significantly associated with STF in the full model were sex, BMI, carrying materials, having arthritis and lack of exercise. Factors associated with reduced risk of STF were years of service, working over 8 hours per day and never having smoked. 
Discussion
We found the following factors to be significantly associated with reporting a STF: female sex, high BMI, carrying materials, having arthritis and lack of exercise. We found that long service, working over 8 h per day and never having smoked were significantly associated with reduced risk of STF. Other factors, such as job stress and eyesight problems were not significantly associated with increased risk. A strength of this study was the case-control design, which is a better design than the typical root cause ana lysis for assessing the causes of STF. The case-control design allowed us to examine several risk factors simultaneously to find the most important predictors of STF. However, a weakness of our study was the small numbers of reported STFs. For this reason, we were unable to evaluate risk factors by severity of the injury. Another limitation was that medical information was insufficiently comprehensive for all participants to examine medications or some pre-existing conditions. Also, in our modelling of the factors related to STF, many variables were often missing, making it difficult to draw inferences when all factors were examined at the same time. Also in some of the cases 2 years may have passed between the STF event and the time of the survey. Health-and work-related factors may have changed during this time. Such changes could lead to misclassification and thus bias our results.
The company where the study took place has extensive safety programs to eliminate unsafe situations and to train employees in safer work practices. We found that workers with more experience are better able to avoid STF, providing evidence of the effectiveness of these programs. The company also provides periodic medical examinations of all employees and encourages employees to stay fit and physically active through medical programs and exercise facilities at each site. Clinicians and policymakers should consider health and fitness programs as an important addition to traditional safety programs to reduce STF. Future studies should further explore the impact of fitness and health status on STF and other workplace injuries.
Key points
• Most reported cases of slips, trips and falls were minor and occurred in non-production areas.
• Staying fit and healthy was an important factor in reducing risk.
• Health and fitness programs may be an important addition to traditional safety programs to reduce slips, trips and falls and may also reduce risk from other workplace injuries. 
